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Abstract
A research purpose is to modify the model of artificial neural network (ANN) to undertakings carrying on investments in 
technological innovation, and to identify the risk management efficiency factors. ANN model involves three basic stages. The 
first stage is to set up investment projects in the technological innovation risk factors. The second stage is carried out in the 
preparation of the training data. In the third stage, is modified for investment projects in technological innovation efficiency in 
the management of an ANN model. As well as was done the identification of the essential elements of the effectiveness of risk
management factors affecting investment in technological innovation. All of these risk factors have a significant impact on the 
emergence of technology, installation and modification process, but it is especially important to properly identify the same risk 
factors with various weights, which may be different for each company.
© 2015 The Authors. Published by Elsevier Ltd.
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Introduction
The company, which does not update the methods of manufacturing, production, technology, loses a competitive 
fight and goes bankrupt. Technological innovation can provide a competitive advantage, but few companies are able 
to constantly innovate and ensure a longer perspective of fundamental changes. In particular, it is important to 
manage the risk associated with the investment in technology. Scientists offer various methods of risk manage,
however, one of the most advanced is the artificial neural network. It's a different type of algorithm, whereas the 
response of the company gained the experience to find.
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So the basic aim of the paper is to modify the model of ANN to undertakings carrying on investments in 
technological innovation, and to identify the risk management efficiency factors. Analysis of Lithuanian and foreign 
scientific works, empirical studies and economic literature was done. Methods of information grouping, comparison, 
generalization, detail techniques, correlation and scenario analysis were used. Technological innovation, risk 
management methods dealt Zamora-Torres et al. (2014), Chen et al. (2013), Cheng et al. (2010), Filipescu et al. 
(2013), Griffith and Macartney (2009), Griffith and Rubera (2014 .UXãLQVNDV DQG9DVDXVNDLWơ  Merton 
(2013), Miller and Miller (2012), Morales et al. (2014), Morris (2013), Popa and Vlasceanu (2014), Sonmez (2011), 
Stanley  (2012), 9DORGNLHQơHWDO Aliahmadi (2013). However, the lack of research related to the application 
of the ANN for investment in technological innovation to manage.
1. Specificity and problems of technological innovation
High productivity in the long term can ensure innovation. Traditional method of production is a result of short-
term economic growth. Innovation is an important factor in the successful development of the company and the 
country. This is the main force of the economic development incentive, which allows to achieve high productivity 
and a better quality of life. Development of innovation activities and provide an opportunity to adopt a 
comprehensive approach to modernize production activation and provision of services, the development of new and 
improved products produced and increase their international competitiveness. 
The concept of the various literature sources and technological innovation is defined in different ways. Filipescu 
et al. (2013) argues that technological innovation can be a new method of production or the ability to invent a way to 
continue to produce or generate new or updated products, processes or services. Merton (2013) and Stanley (2012)
argue that technological innovation can be associated with a specific adaptation of the scientific and technical 
knowledge, the concept of any product designs and production. In order to effectively shape the technological 
innovation management techniques, strategies and algorithms, the company is required to set the specific 
technological innovation (product, process, and (or) innovative activities) shall also apply to your investment. As the 
Miller and Miller (2012), technological innovation of the product may be both goods and services. It may not be 
technologically new or improved product. Technologically new product in contrast to the technologically improved 
product performance and future usage is significantly different from the previously used, manufactured products. 
The following products are used in a radically new technology (Morales et al., 2014). Technological process 
innovation includes new techniques, methods of organization and other developments in products and processes 
(minor changes, a lack of new, changing only the aesthetic values of the product). 
The innovative performance management problems are internal and external. Based on Griffit and Macartney 
(2009), internal management problems of innovation activities may include: employee resistance to innovation, the 
low level of qualifications of the employees, lack of information technology, lack of financial resources, the nature 
of the activities of the enterprise. Problem adversely affects the implementation of innovation activities. Employee 
resistance to innovation, low qualifications, lack of information technology, the company's operating system, the 
organizational issues, financial resource, technology and working methods enable a higher risk. Ignoring these 
internal factors increases the risk of the investment project in the innovation activities and reduces the likelihood of 
his pay off possibilities. If you select a high risk investment project and the omission of these additional company's 
internal problems, the chances are diminishing. AcFRUGLQJ WR 9DORGNLHQơ HW DO (2011) globalization and market 
changes dictated by a new approach to both the economic and the social environment, changing the approach to 
production factors, increasingly valued teamwork, so employees must be treated as an investment, the company 
must focus on the importance of lifelong learning.
According to the Griffith and Rubera (2014), external management problems of innovation activities may 
include: economic, legal, plagiarism, customer reaction. Economic factors may be a slow pace of GDP growth in the 
State budget deficit, export and import. Unfavorable economic factors reduce the volume of investment in the 
innovation activities of enterprises. Legal factors may occur over a slow legislative base development and creation. 
Legal factors may be slow the formation of the legislative framework and development. In this case, the law restricts 
business innovation activities. Plagiarism or the competition is also an important external factor in the innovation 
stops. Competitors after a similar innovation, is necessary for the improvement of innovation. In this case, get a
short description of the innovation life cycle. The external problems are holding back business investment in 
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innovation activities. That is why, according to .UXãLQVNDVDQG9DVDXVNDLWơ(2009), in order to survive in a dynamic 
environment. It is important to understand what is going on in the inner and outer environment, and take the 
appropriate action. 
2. Investment in technological innovation efficiency in the management of opportunities
As one as of the most successful of the new strategic investment in the methods used to assess and manage the 
technological innovation in artificial neural networks can be distinguished (ANN). ANN as a method of forecasting 
is becoming more acceptable and applicable. The application and management of investment projects, ANN factors 
analysis permits the identification of the essential factors in the management of the investment project, their impact 
on the effectiveness of the management of the quantitative variation in the costs and make a realistic assessment of 
risk in the management of the project, taking into account the specific conditions of the company's activities. 
2.1. The application of artificial neural network by investing in technological innovation methodology
An artificial neural network is a different type of algorithms than the normal programs. The usual application is 
already precompiled software code set out in the instructions that described the other man, while the neural network 
learns by itself and tries to find a fair solution to the objective. On the basis of Aliahmadi (2013) and Sonmez 
(2011), artificial neural network, multi-level direct-distribution model, and training, in order to more effectively 
manage strategic investment in technological innovation, consist of two main stages:
1. First stage. In the first stage of the development of the model is set up investment projects in the technological 
innovation efficiency in the management of the ANN model variables and their data base. Created an artificial 
neural network model of entrance variables-this is for investment projects in technological innovation in 
question dealt with the management of risk factors.
2. Second stage. In the second stage of the model creation is carried out investment projects in the technological 
innovation efficiency in the management of the preparation of the training data and model ANN created and 
investment projects in the training of the technological innovation efficiency in the management of the ANN 
model. The second stage involves the following calculations:
a. First step. For all network and for neuron thresholds shall be granted to small random values; their 
interval [-2.4/Nt; + 2.4/Nt]; here in the Nt is the total number of neurons in the data.
b. Second step. Multi-level direct-distribution model shall be granted access to the network variable 
values x1(t), x2(t),..., xn(t) and the objective values, T1-T2 (t), (t),..., Tn (t), where t is the number of 
iterations of training. Calculated values in the underlying layer neurons-Yj (t):
Yj(t) = ቂ෌ ݔ௝௞(ݐ) כ  ݓ௝௞(ݐ)െݓ௢௡௝ୀଵ ቃ
n –the hidden layer neuron (j) the number of entrances;
The calculated values for the output layer neurons - Yk(t):
Yk(t) =  ݏ݅݊ ቂ෌ ݔ௝௞(ݐ) כ  ݓ௝௞(ݐ)െݓ௢௞௠௝ୀଵ ቃ
m – the output layer of the neuron (k) the number of entrances;
sin – activation function.
c. The third step. Neural connection will be adjusted for weight values (weights), spreading a layer of 
network error values from the output back to the input layer. Calculate the output layer neurons 
error gradient ek(t):
ek(t) = Yk(t) * [1 – Yk(t)] * ek(t)
ek(t) = Tk(t) – Yk(t)
(1)
(2)
(3)
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The weights are calculated changes ¨wjk(t):
¨ wjk(t) = a * Yj(t) * ek(t)
a – the speed factor of training; threshold options: 0,05<a<0,75. 
The coefficient of a higher, the training is going faster. Further adjustments to the output layer 
neurons the weights of values:
Wjk(t + 1) = wjkW¨Z jk(t)
2.2. Investment in technological innovation efficiency in the management of the analysis of the factors
According to Zamora-Torres et al. (2014), Popa and Vlasceanu (2014) and Morris (2013), it is possible to discern 
six risk categories, by investing in technological innovation (see Figure 1). Table 1 is secreted specific risk factors, 
which may negatively affect the strategic investment in technological innovation, in accordance with the categories 
of risk factors. Financial risk factors, which may arise in the context of investment in technological innovation, are 
related to the company's available financial resources, the company's capacity to raise the necessary resources within 
the required time period and the expected investment profitability. In this case, there is a risk that the company 
started to carry out technological renewal or install a completely new technological base, have to deal with a lack of 
financial resources, the planned investment will yield or even suffer negative returns. The financial risk, trying to 
absorb the technological innovations may occur both in production and marketing activities, i.e., so for creating the 
same innovative technology and commercialization of it, in order to make money from it. Scientific-technical risk 
factors attributable to the best scientific-technical resources, impacts on the other activities of the company or the 
investment opportunities in the future to adapt to the planned, new technology and changing production. The 
company decided to carry out a strategic investment in technological innovation, may not have the necessary 
technical equipment to achieve or qualified engineers. Scientific-technical resources are available, or targeting new 
activities, can cause adverse effects have already been carried out within the company's operations. 
Table 1. Investment in technological innovation risk factors (by the Zamora-Torres ir kt. (2014), Popa ir Vlasceanu (2014), 
Morris (2013)
Risk factors
Financial - A Scientific-technical - B Manufacturing - C
1. The failure of the financial resources in 
the relevant periods
1. Lack of innovation strategy of 
the enterprise
1. According to the number and 
qualifications of personnel failure
2. The potential loss 2. Bad technical decision 2. Lack of existing capacity
3. Spontaneous, increased the cost of the 
investment project
3. Insufficient available scientific-
technical resources
3. The rising prices of materials
4. Inefficient investments 4. Non-compliance with the terms of 
technical solutions
4. The need for additional capacity
5. The negative effects on other 
investment projects
5. There will be opportunities 
to upgrade technology in the future
5. Lack of safety work
Enterprise - D Market - E External-the eco- F
1. Incompatibility with strategy and long-
term plans
1. Negative effects of existing 
products/services
1. Unfavorable public perceptions
2. Risks within the company through the 
large
2. Commercial failure 2. Disadvantage in the legislative context
3. A mismatch with a mission 3. Non-compliance with the needs of 
the market
3. Unfavourable economic cycle
4. Non-compliance with time limits in 
respect of the implementation of the 
company's
4. The level of the planned sales either 
unavailable
4. The negative effects of the products on 
the environment
5. Non-compliance with the strategy of 
technology for change
5. Declining market share 5. The negative effects on the environment 
of technological process
(4)
)
(5)
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Risk factors of production the most is related to the company's existing and new production processes, according 
to the number and qualifications of personnel adequacy, compliance with existing capacity, and their prices, the 
need for additional capacity and work safety. Investment in technological innovation, there is a risk that the 
additional costs for the installation of new production processes, an increase in the recruitment of personnel or 
additional capacity to ensure increased investment may significantly and negatively affect the price of their return. 
The risk factors associated with the same company are linked to the company's purposes, the amount raised by the 
strategy and values of the company. In this case, strategic investments in technological innovation may be 
inconsistent with the company's strategy and long term plans for the mission. The new technological potential may 
be different from the company with the company's strategy changes and with the company's overall approach to 
innovation. Market risk factors most associated with the market needs and changes in them. You run the risk that the 
innovative technology will not be commercially successful, does not increase the likelihood of the planned sales, the 
company's market share in the competitive position on the market would not expand. External-the ecological risk 
factors attributable to the public in terms of technological innovation, employment effects, effects on the 
environment. Even in a very innovative technology, generating greater profitability to the company and to receive 
feedback from the global recognition, but more than the normal technology environment-polluting, should not be 
considered a success.
Table 2 below is presented in the risk factors for investing in technological innovation in the training process of 
the mathematical expression of ANN.
Table 2. Risk factors for investing in technological innovation in the training process of the mathematical expression (by the 
Chen et al. (2013))
Risk factors A-F Probability i Weight w Total value yj Output value
yk
Activation 
function sin
A1-5 i w1 ȈLZ1 ) ȈȈ\ i 6LQȈ\k)
... ... ... ...
F1-5 (1-i) w30 Ȉ-i) * w1 )
Giving everyone the same risks of weight coefficients and equal access to the risks occur, the exit factor is equal 
to 1 (see Table 3). The output resulting from the activation of the function, the value for the factor would be 0,841. 
This would mean that in this case, it is likely the risk can vary within the range of 0-0,841. But the most common 
weight loss factors and the probability of the event is not created equal. Even a group of risk factors with each other 
there is no equivalent in terms of risk.
Table 3. Risk factors for investing in technological innovation in the training process, when the weights are equal
Groups of risk factors Weight Probability
A 0,167 1
B 0,167 1
C 0,167 1
D 0,167 1
E 0,167 1
F 0,167 1
Ȉ<k 1
F(Yk) 0,84
The risk tolerance of the company is differently. Can be divided three clusters: aggressive, conservative and 
moderate. Aggressive corporate risks can range from 0 to 1 (see Table 4).
Table 4. Risk factors for investing in technological innovation in the training process according to clusters
Clusters according to company 
risk
Tolerated risk interval Risk factors
May be included in the ANN 
model
Are to be eliminated
Aggressive 0-1 30 0
Conservative 0-0.3 12 18
Moderate 0-0.6 19 11
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Conservative corporate risks can range from 0 to 0.3. Moderate corporate risks can range from 0 to 0.6. Based on 
how much the company is willing to take the risk, it is necessary to assess what are the most important risk factors 
to be added to the ANN model.
A first group of 30 different risk factors to the ANN model is able to include all the factors. The second group 
company to the ANN model could add only 12 risk factors. The remaining 18 risk factors must be eliminated. A 
third group companies may include 19 risk factors. 11 risk factors must be eliminated.
Conclusions
Results of the analysis indicate that the ANN enables more efficient management of investments. The preparation 
and establishment of the model of a distinguished group of 6 high-risk factors: financial, scientific-technical, 
manufacturing, company, market and external-the eco. Within each group, the identification of risk factors 5. There 
were three clusters of companies in accordance with the risks: aggressive, conservative and moderate. The 
aggressive risk cluster of companies 30 different risk factors to the ANN model is able to include all the factors. The 
conservative risk cluster of companies to the ANN model could add only 12 risk factors. The remaining 18 risk 
factors must be eliminated. The moderate risk cluster of companies may include 19 risk factors. 11 risk factors must 
be eliminated. Thus, every company must know what level of risk the company may assume by investing in 
technological innovation. According to decide what risk factors are dominant. In order to increase the efficiency of 
the management of investment in technological innovation, to the ANN model must include dominant risk factors.
So it is advisable to continue to investigate the quantitative risk factors that may negatively affect the investment in 
technological innovation. Identification of such factors, it is advisable to add them to the ANN model of the learning 
process in conjunction with qualitative risk factors, which have been singled out in this article.
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